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ISEE 3
GAMMA-RAY BURST SPECTROMETER DATA

78-07%A~15A

This data set has been restored. There was originally one
9-track, 1600 BPI tape written in Binary. There is one restored tape.
The DR tape is a 3480 cartridge and the DS tape is 9-track, 6250 BPI.
The original tape was created on a 360 computer and the regstored tape
was created on an IBM 9021 computer. The DR and DS numbers along with

the corresponding D number are as follows:
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DRO04809 D3004809 D047009 1 -8 11/04/78 - 12/05/80




DEW Vo114 HKH

ISEE-3
GAMMA-RAY BURST SPECTROMETER DATA-

78-079A-15A

THIS DATA SET CATALOG CONSISTSOF 1 DATA TAPE. THE TAPE IS 1600 BPI
WITH 8 FILES OF DATA WRITTEN IN EBCDIC, 9 TRACK, AND CREATED ON AN IBM

360 COMPUTER. THE D AND C NUMBERS WITH THE TIME SPAN FOLLOW:

Dz C# TIME SPAN

D-47009 C-22001 11/04/78~12/05/80
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DICUMFNTATTION FNR THFR DATA FROM THF TEEGRKDEN
GAMMA«RAY RURST SPECTROMETFR ARNARND T8FF=3
SURMTTTEN TN THE NSSDC

A. SUMMARY OF RATIANALE AND MOTTVATTON FOR EXPRRYMENT: REFERENCE L
FERCARPFN, B. Jo ET Al.. 1978. GAMMA RAY SPECTROSCOPY TN ASTROPHYSICS. 4%
FNS. T. L. CLINE AND R. RAMATY. NASA 79619, P. 516, o

R. NDFESCRIPTION OF INSTRUMFNT: RRFFRFNCE PART A.

€. NFSCRIPTION OF DATA ON MAGNETIC TARE: - -

1. PHYSICAL RECORN SYZF = BLOCK SIZE .= 6+ Bacdd

7. LAGICAL RECORD STZIF = CHARACTERS . . .

3. NUMBER QF FILES AND EOF!S = R FILES, ONE _EDF PER FILE
NIIMBER OF RECORDS PFR FTLFE = VARTARLE (APPRAX. 4000 TD 5000)

4.

5. NIMBER OF TRACKS = 9 L

f. DENSITY = 1600 RPT ‘ ST

7. TTME PERIOD: STXTFFEN GAMMA=RAY EVENTS ARE RECORDED. THBE FIRST DCCU G
NNVEMBER 4. 1978, THE LAST ON DECEMRER 5. 1980. - - g

FACH FILE CONTAINS ,ONF TO THREE MEMBERS OF A PARTITIO

MNEMRER IS A GAMMA=RAY FVENT. FOR EACH FVENT TWN TIME

LOGHRD ON TAPE (IF ROTH TIME HISTORIES WERE RECOVERE

FNR NNE EVENT ARE CONSFCUTIVE WITH NO SEPARATOR, SIN

ARF OF IDENTICAI FORMAT THE TWO TIME HISTORIES MUST

FOLLANING DIAGRAM. e R '
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i E (FIRST. TIME.-IN 'POB

ks

'.llllll“’l"_l_“l':zl

TIHE F (LAST TTME IN TINE HISTORY ‘@NEY

TTMR HISTORY TWO (NTAGRAM TDENTICAL TN TTME HTSTORY DNF)§

TIME F > TIMF F % TIME D > TTHE ¢ > TIME B > TIMF A o

THE TWn TIME HISTORTES COVER APPROXTMATFLY THE SAME TIME INTERVAL.
THF FNRTRAN LOGICAL RECORN FORMAT FNR EVERY RECORD TS

1X,15,T4.273.F7.3,F13.8,F7.4 | R &

CORRFSPANDING TQ THE PARAMETERS YRAR(TS), DAY(T4), HOURS(I3), Mrnumnsﬁi”{.
SECONNS(F7.3) JRATE(F13.4), TIMR TNTRRVAL(F7.4). THUS EACH RECORD GIVES.'THE TTHE
AT #HTCH A RATE (COUNTS/SEC) WAS RECORDED AND THE TTME TNTFRVAL TO THE ME 0F

THR SICCEEDING RFCORD. A T
D. & CATALDG OF THE DATA FILES TS PRESENTRED IN TARLF ONE, COLUMNS 1 THROUGH ®

CARFt 1) DATE OF THF FVENT: 2) DAY OF THF YFAR: 3) APPROXIMATE TTME nFLTRIGGFR
{+= 0.5 SECOND): 4) SETTTNGS FNR PHNTON CODUNTER (COUNTSY: 5) SETTINGS-FOR CLIK
FRENHENCY (HZ)Y 6) DETECTNR FOR TIME HISTNRIES ONF AND THO: 7) THRESHOLD IN
CLOCK PULSES (THRESKOLD TN COUNTS/SEC = N1(2)Y#FT1(2)}/TH1(2), A THRESHQLD
THI(?1 = 4095 IS TRANSLATED TNTN TNFINTTE COUNTS/SEC, THEREFORE THE NETECTNR
WTTH TH1(2) NOT FOGAT, Tn 4095 SFTS THE TRTGGER SFHSTTTVTITY): 8) THE FILENAME
AND MEMAER NAME LN TAPE CONTATNTHG THE EVENT DATA. FXAMPLE!? GRR.DATY IS THE
FIRST FTLE O8N TAPK avD CANTATNS THF FEMBERS (HVO478) AND (MV197R).




F. CALTARATION PRUCFKDIRES: THR TTIME RASE FOR RECORDTNG THE TIME HISTURIES T8
GMT (GREENWICH MEAN TTME). TTIMFE TAGS FNR RATES RECOKRDED ARF ACCURATF Tid APPROX-
IMATFRLY ONE MILGLISECOND (ARSOLUTE) TN PRINCIPL.E. NOTF THAT A TIMF_TNTERVAL FOR
WHTCH & RATE 1S RECGRNED 1S INVERSFLY PROPORTTONAT. TO THE RATE. HENCFE A HIGH
RATE CNRRESPONDS TO A SHORT TTME THNTERVAT, (DURING WHICH N1(2) PHOTONS ARRIVED),
AND THEREFORE THAT PORTINN OF THE FEVENT TS TIME REFERENCED WITH A HIGHER

PRECTSTNN,

" NATA MEANINGFULMESS: THE FVENTS (OF 15/MAR/79 AND 12/MAY/79 WFRE NOT O
AY ANY NTHER SPACECRAFT. ROTH ARE OF SHORT DURATINN (LESS THAN ONE SECON
COTNCTRFATLY, TINE GAPS TN DATA RECORNDING EXTST FNR ONE DETECTOR AT 'THE.!
OF THF SHORT RATE THCRFEASE WHTCH TRTGGERED THE OTHER NFRTECTOR. CONSEQUEN
IT TS NAT CERTAIN WHETHER THTS DATA REPRESENTS TRUF GAMMA=RAY EVENTS OR:E
TRTGOFRS DUE TO A HIGHLY CHARGER CNSMIC RAY INCIDENT ON THE DETECTOR TRUL
A SPTKRL.IKE EVENT. ALI, OTHER TTME HTSTORTRS ARE OF FVENTS CONFIRMED BY AT
INF NTHFR SPACECRAFT. S : ' ' R ]

A . o
G. . NA FVENTS ARE KNOWN T0 HAVE OCCURRED DURING THE ILIFE OF THE ISEF=-3. SPAUECRA
WATEH WTGHT HAVE EFFRCTRED THE VTABTLITY OF THE TIME HTISTORY CAPABILTTY.
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THE ISEE-C GAMMA-RAY BURST SPECTRCMETER

B. J. Teegarden, G. Porreca, D. Stilwell, U. D. Desai and T. L. Cline
NASA/Goddard Space Flight Center
Laboratory for High Energy Astrophysics
Greenhelt, Maryland 20771
and
D. Hovestadt

Max Planck Institut fur Physik und Astrophysik
Garching b. Munchen, W. Germany

ABSTRACT

This paper describes the technical properties, operation and expected
sensitivity of an experiment, to be launched on the ISEE-C spacecraft, that is
intended to search for narrow lines in the spectra of gamma-tay bursts. At
the heart of the experiment is a radiatively cooled Germanium solid state
photon detector. The instrumentation is capable of storing the entire spec-
trum of all but the largest bursts in the energy range 0.05-6.5 MeV. In addi-
tion it analyzes the signals from two CsI detectors in two other experiments
on the spacecraft and records event time histories from these to a few milli-
second accuracy. A background mode permits spectral analysis during quiet
times and will allow the determination of physically interesting upper limits

for narrow lines in the diffuse gamma-ray background radiation.
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T2 SR . gamma-ray lines are known to exist in two different

TRt S e ws. The first of these, solar flares, have exhibited
a tan R .+ the 0.511 MeV positron annihilation line to the 6.4 MeV
VB hap o 1., 1973) The study of these lines has provided valuable
Dot TR SENE shysical conditions and processes at the flare site. The
v . . r. ..ot is the mysterious 20 minute duration event ohserved
heo o R S shson 1978) in the general direction of the high epergy gamma-Tay
geare o 154 paper will describe a detector system intended to search
far oirTuw sanmasd ‘ines in a third type of transient event, the gamma-ray
bt wt -yisi. - these bursts remains a mystery and the discovery and
faamt it ioation of L oma-ray lines would provide a valuable new clue to the
maine - oAt The phve 1] processes responsible for the burst.

- v+ i .rumentation employed thus far in gamma-ray burst studies

e wd citie oo tv Limited spectral capability or none at all. The ISEE-C
imsrrument usos o tadiatively-cooled high purity Germanium detector te make
pre; ige peasuromei’ - of the photon energy. It represents a major step forward
in the capability for line detection in transient events.
2. Instrument Description

A. The ISEE-" Mission
The TSEE (International Sun-Earth Explorer) Mission is a three-space-
crafr series intended to study the spatial and temporal variations of the earth's
magnetespherce as influenced by the sun and associated interplanetary conditions.
The third spacecraft ISEE-C, to be launched in August 1978, will be in a halo
orhit about the Lagrangian point along the earth-sun line 230 earth radii inward

towards the sun. It will be spin-stabilized with its axis normal to the ecliptic

plane. The spacecraft location and attitude make it an ideal platform for
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our experiment from both an engineering and scientific point of view. From

the point of view of thermal performance, the location is far from the earth SO

that earth-albedo is not a problem and the spin axis orientation allows for

the optimum orientation of the cooler field-of-view. TFrom a scientific point

of view the location outside the earth's magnetosphere means that the serious effect
of trapped radiation on the instrumental background is avoided.

Our ISEE-C instrument is an augmentation of gamma ray burst instrumentation
developed by us for the ISEE-A mission. This instrumentation is part of the
Hovestadt low-energy charged particle experiment. Figure 1 shows the ISEE-C
spacecraft and the location of the cooler/sensor. Its recessed location
within the lower body of the spacecraft prevents any direct sunlight from
striking the cooler and is generally a favorable situation with regard to its
thermal performance.

B. The Radiatively-Cooled Detector

A cross-sectional view of the Germanium detector mounted in its cooler
is presented in Figure 2. Its basic structure is divided into two parts, an
outer stage and an inner stage. The outer stage is designed to operate at an
intermediate temperature (~ 160°K) and thereby provide a thermal buffer between
the sensor {residing in the inner stage) and the spacecraft. The outer stage
has a basic conical shape to define a field of view (126° full angle) for the
inner stage. This field of view must not contain the sun, earth, or any
significant portion of the spacecraft. The mechanical interface between the
outer stage and the spacecraft is via a support ring, which is in good thermal con-
tact with the spacecraft and will be maintained near room temperature. As the outer

stage radiatively cools (via its radiating surface shown in Figure 1) it will

contract slightly. The support points are designed such that this contrac=

tion causes a break in the thermal path between the support ring and




the outer stage, thereby thermally isolating it from the spacecraft. The

inner conical surface of the outer stage is highly polished specular aluminum
5o that no sunlight can be scattered into the inper stage.

The Germanium crystal is housed in the inner stage of the cooler in a
hermetically sealed Magnesium enclosure. The exposed surface is coated with
a highly emissive white paint to allow efficient radiation of heat. The inner
stage is mechanically supported in a similar fashion to the outer stage SO that
4 second level of thermal jsolation is attained. The predicted equilibrium
operating temperature of the inner stage 1s 100PK (-173°C).

The Germanium crystal itself is 4em diam. x 3cm depth (35cm3 active volume)
and will have an energy resolution of 3-3.5 keV at 1 MeV. It is made from
high purity Germanjum. The use of this material permits the crystal
to be stored indefinitely at room temperature without sustaining any loss in
performance. The weight of the cooler/sensor/electronics package is
2.57 kg, Figure 3 is a photograph of the cooler/sensor.

¢, Additional CeI Detectors

In addition to the Germanium detector there are two other detectors
on board the spacecraft whose signals we analyze to give us increased sensi-
tivity to gamma-ray bursts. These are CsI crystals located respectively in
the Hovestadt and Meyer experiments on the ISEE-C spacecraft. The Hovestadt
detector is a small cylindrical CsI crystal from which only time
history (count rate) information is obtained. Both count rate and spectral
analysis are performed on the Meyer crystal which is msch larger and has the
shape of a truncated cone. This crystal is also significantly larger than the

Germanium crystal,and although it has much poorer resclutiom, it will provide

a more accurate record of the time history of the event.
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D. FElectrenics

A simplified block diagram of the electronics is shown in Figure 4.
The Germanium detector signals are amplified and shaped in 2 charge-sensitive
pre-amp and following post-amp. The signals are digitized by a 4096 channel ADC
which is identical to one develdped for the Caltech-Goddard cosmic ray experi-
ment on the Voyager mission. It covers the energy range .05 to 6.5 MeV.
Analysis is initiated when the signal exceeds a ground-programmable threshold
which can be set in any of eight different positions between 56 and 440 keV.
This same threshold circuit generates those signals that are used for time
history analysis.

The CsI crystal located in the Meyer experiment is viewed by a small
PMT whose signals are amplified and shaped and then digitized In a 512 channel
ADC. A count tate signal and the 512 channel pulse train are both analyzed
by our electronics. The smaller Hovestadt Csl crystal provides only a count
rate, but is located on the opposite side of the spacecraft from Meyer so that
a more complete coverage of the burst time history during the spacecraft
rotation cycle can be obtained.

The digital portiom of the electronics is physically housed in the
Hovestadt experiment. The detection of a burst is accomplished by two
independent trigger circuits. These circuits continuously sample the count
rate and register a trigger if and when the rate exceeds a value selected by
ground command. Any one of three sensors can be connected by ground command
to each of the trigger circuits. More precisely, these circuits measure
the tinme interval between the occurrence of N counts, where N 1s also selectable
by ground command and can have any binary value between 1 and 128, Time is

measured by counting a clock frequency whose value can also be selected from the

ground.
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Upon the occurrence of a trigger the burst data is then stored in a 10°
bit memory. This memory is partitioned into three sectlons, two of which are
devoted to recording the time history of the event, The same tgchnique used
to define a8 burst, i.e. storage of a time interval rather than a count rate,
is used to record the event in the memory. Each partition contains 2048 12-bit
words so that 2048 xN counts can be stored. It is very unlikely that any burst
can exceed the storage capacity of the memory. The third memory partition is
devoted to the storage of spectral information. Either the Germanium or the
Meyer CsI crystal can be input by ground command into this part of the memory.
This section of the memory is organized into 3072 16-bit words. Each word
contains 12-bits of pulse height and a 4-bit time vernier tag. Again, the
time resolution is selectable by command and will most likely be ~ 30 msec.

fter the memory is filled it is slowly read out into the spacecraft
telemetry stream. There are two read-out modes 1) automatic, where read-out
begins as soon as the memory is filled and 2) manual, where read-out is initiated

by ground command.

During quiet times the instrument functions in what is called the Back-
ground Mode. In this mode a small fraction of the detected photons are analyzed
and stored in a small (36 event) buffer memory. They are then read out in the
spacecraft telemetry stream in the same manner as spectral data from a gamma-ray
burst. This mode is intended to provide information on the detector calibration
and background level. In addition it can potentially allow the determination
of meaningful upper limits for narrow 1ines in the diffuse gamma-ray background.

3. Instrument Sensitivity

Since the gamma-ray burst is a relatively short-lived phenomenon the instru-
ment narrow-line detection threshold will in general be statistics rather than background

limited. The electronics is configured such that it can store a fixad maximum

number of events. It is most useful to discuss the sensitivity in terms of the
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fraction of the rotal photons in the burst that must appear in the line in

;
i
b
1
i
¢
i
1
¥

order for the line to be detectable. Since over most of its range the back- ;

ground under 2 narrow line is negligible it is simply a question of how many
counts in a narrow window are necessary to define a line. If we rather arbi-
trarily set this threshold at 5 counts this requires that, for a narrow line at
0.5 MeV, 1-2% of the total photons in the burst must appear jn this line. For
a typical burst duration of 30 seconds the incident line flux is 5.3x10‘2cm’2secﬂl.
The detector also has the capability of placing meaningful upper limits on
the narrow line flux of photons in the diffuse background spectrum. Because
of the extremely low bit rate allocated for gamma-ray burst studies (~ 1.5 bits/
gec), the instrument can analyze only a small fraccion of the total number of
photons detected. However, the long anticipated 1ife-time (> 2 yr.) of the
1SEE-C mission will compensate for this. Assuming a 2 year accumulation time
the 3¢ upper limit for narrow line detection in the background mode is plotted
in Figure 5 as a function of energy. The range of values is h-2.5x10'4cmfzsec_l

ster'l. These threshold values are low enough to afford the possibility of

determining physically interesting upper 1imits for narrow lines in the diffuse

background.
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FIGURE CAPTIONS
1. 1ISEE-C spacecraft, Mounting location of radiative cooler is shown as
‘ ' well as exploded view of cooler.
2. Cross-secticnal view of Radiative Cooler and Germanium Detector,
3. Photograph of Radioactive Cooler
4, Simplified Block diagram of electronics.
5. Sensitivity for narrow line detection in the Diffuse Background Radiation.

30 threshold isotropic intensity is plotted as a function of incident

energy.
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